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ABSTRACT
o MIP-101 is a poorly differentiated human colon carcinoma cell line established from
3
 ascites that produces minimal amounts of carcinoembryonic antigen (CEA), a 180 kDa
glycoprotein tumor marker, and nonspecific cross-reacting antigen (NCA), a related protein that
has 50 and 90 kDa isoforms, in vitro in monolayer culture. MIP-101 produces CEA when
implanted into the peritoneum of nude mice but not when implanted into subcutaneous tissue. We
tested whether MIP-101 cells may be induced to express CEA when cultured on microcarrier
beads in three-dimensional cultures, either in static cultures as non-adherent aggregates or under
dynamic conditions in a NASA-designed low shear stress bioreactor. MIP-101 cells proliferated
well under all three conditions and increased CEA and NCA production 3 - 4 - fold when grown
in three-dimensional cultures compared to MIP-101 cells growing logarithmically in monolayers.
These results suggest that three-dimensional growth in vitro simulates tumor function in vivo and
that three-dimensional growth by itself may enhance production of molecules that are associated
with the metastatic process.
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" INTRODUCTION
Carcinoembryonic antigen (CEA) is a 180 kDa glycoprotein that is released by human
colonic epithelial cells into either the lumen of the gastrointestinal tract or the circulation. The
function of CEA is not well-defined but as a member of the immunoglobulin supergene family it
may be involved with intercellular adhesion (1). Interestingly, an elevated concentration' of CEA in
the blood of patients who undergo resection of an apparently localized bowel carcinoma is often
associated with the presence or subsequent appearance of metastases in the liver or lung (2,3).
Experimental hepatic metastasis by human colorectal carcinomas in athymic nude mice is also
associated with the serum level of CEA in the patient from whom the tumor is obtained (4,5) or
CEA expression by the tumor cells (6). While CEA may be an adhesion molecule, it also has a
humoral effect on metastasis since systemic pretreatment with CEA increases the ability of human
colorectal carcinoma cells to colonize liver, even when the neoplasm does not itself produce CEA
(7). Thus, CEA is associated with the metastasis of colorectal carcinoma cells and conditions that
increase the production of CEA by colorectal cancer cells may increase their potential for
metastasis.
Poorly differentiated MIP-101 human colorectal carcinoma cells secrete little CEA in vitro
in monolayer culture (8). Monolayer cultured MIP-101 cells form tumor nodules when implanted
in subcutaneous tissue but do not produce either CEA or spontaneous metastases (8). Further,
monolayer cultured MIP-101 rarely produce experimental metastases to liver or lung when
injected intrasplenically or intravenously into nude mice (8). However, MTP-101 cells implanted
in the peritoneum of nude mice develop nodules that produce CEA and form spontaneous
hematogenous metastases in liver and lung (8). Since MEP-101 cells were originally isolated from
the peritoneal cavity of a patient (9), they appear to produce CEA and spontaneous metastases
V)
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when implanted in the same or orthotopic site from which they were harvested. The conventional
interpretation of these findings invokes the seed-soil hypothesis of Paget (10) which states that the
o metastatic precursor cell (the right seed) will only produce a metastasis if planted in the appropriate
organ site (the right soil). Thus, the microenvironment of the host permits or even supports the
malignant behavior of a cancer. In the MIP-101 model, the microenvironment of the peritoneum
appears to actively support the production of CEA and metastases by MIP-101 cells while the
microenvironment of the subcutaneous tissue does not.
However, certain characteristics of the malignant phenotype may not depend on the
interaction between host and neoplastic cells, but depend instead on the growth of the neoplastic
cells in three-dimensional.conformations that mimic the growth pattern of tumor cells in vivo.
Kerbel and associates have found that both clonal dominance (11) and resistance to chemotherapy
(12) are facilitated when cells grow as three-dimensional spheroids rather than as two-dimensional
monolayers. Further, the behavior of the tumor cells mimics their function in vivo without
interaction with stromal cells.
» Our purpose was to determine if three-dimensional growth in vitro induced the expression
of CEA in poorly differentiated MIP-101 human colorectal carcinoma cells that do not produce
CEA in monolayer cultures. We tested this hypothesis by evaluating the effect of growth in both
static and dynamic three-dimensional culture systems on MIP-101 cells. MIP-101 cells were
cultured on microcarrier beads and allowed to form clusters that were then analyzed for the
expression of CEA. Previous work has shown that co-cultivation of other human colon
carcinoma cell lines with stromal cells in a dynamic NASA-designed culture system induces three-
dimensional cultures that produce mucin and differentiate that are morphologically similar to
tumors implanted in nude mice but do not occur in monolayer culture (13). Thus, we determined
whether three-dimensional growth was associated with the induction of CEA expression in MIP-
101 cells that normally only express CEA when implanted orthotopically in nude mice. We
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compared growth in standard monolayer cultures to that in nonstick bacterial petri dishes (static
I
three-dimensional culture system) or in the NASA-designed Rotating Wall Vessel (RWV, a
'>
5 dynamic three-dimensional culture system in which the gravity vector is randomized by rotating
w
3
' cells around the horizontal axis). We observed that production of both CEA and NCA was
stimulated by three-dimensional growth.
MATERIALS AND METHODS:
Cell Cultures
For dynamic three-dimensional cultures, MJOP-101 colon carcinoma cells were seeded into
4 RWVs (slow turning lateral vessels or STLVs, Synthecon, Inc., Houston, TX.), with 5 mg/mL
Cytodex 3 microcarrier beads (Sigma, St. Louis, MO) at 15 cel^ead and the vessels were
adjusted to rotate at 30-35 rpm. As. a static three-dimensional culture control 35 mm nonstick petri
dishes (Optilux, Falcon, Lincoln Park NJ) were seeded with MIP-101 cells and microcarrier beads
at concentrations identical to that in the vessels. In addition 25 cm^ flasks were seeded with MIP-
101 cells as a two dimensional monolayer culture control. All cells were cultured in GTSF-2
medium (14). The experiment was conducted for 14 days and cultures were replenished as
needed (every 24 hours decreasing to every 8 hours). Cell and medium.samples were harvested
every 4 days. Quick frozen cell samples (1x10'cells) were harvested for western blot analysis at
day 0, 8, 12, and 14. Cell samples were harvested on day 4, 8, and 14 and these specimens fixed
in Omnifix (Xenetics, Tuetiri, CA) for immunohistochemical studies. At the end of the
experiment, growth curves were based on nuclei counts. Furthermore, frozen cell samples were
analyzed on Western blots for CEA.
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Immunohistochemistry and Western Blots ?
Immunohistochemical analysis was performed on paraffin embedded serial sections of
MlP-lOi microcarrier bead cultures. Five micron thick sections were prepared by RMC (Tucson,
AZ) and stained with an anti-CEA monoclonal antibody (Boehringer Mannheim, Indianapolis,
IN). The murine primary antibody was identified with a rabbit anti-mouse antibody conjugated
with horse radish peroxidase and the reaction developed with diaminobenzidene.
Cells (~1 x 107) were extracted in 300 pil of lysis buffer (60 mM n-Octyl-6-D-
glucopyranoside , Sigma Chemical Co. St. Louis, MO, in 25 mM MES, pH 6.5, Research
Organics, Inc., Cleveland OH, in ddH20 with protease inhibitors), produced approximately 1
mg/mL of protein, and then SDS-PAGE was conducted in 7.5% gels under reducing conditions
with 50|xg of protein loaded per lane. Samples were electrophoresced at 60V for 18 hours and
transferred to 0.45 ^m nitrocellulose membranes. The Western blots were performed with either a
murine IgG monoclonal anti-CEA antibody (Zymed Laboratories, S. San Francisco, CA) or
228.2, a murine IgG raised to NCA 50/90 that was provided courtesy of Dr. J. L. Elting,
Molecular Therapeutics, Miles Laboratories, West Haven, CN. Blots were blocked with 10% dry
milk in 0.1% Tween-20 and washed with 0.1% Tween-20 in 0.15M PBS, pH 7.4. The primary
antibodies were detected with a sheep anti-mouse IgG conjugated with peroxidase (Amersham
LIFE SCIENCE, Buckinghamshire, UK) using the ECL process (Amersham LIFE SCIENCE,
Buckinghamshire UK). Quantitation of the relative amounts of CEA or NCA proteins detected in
the Western blots was achieved by scanning the blots with a flat bed scanner (Microtek 600ZS,
Microtek Lab, Inc,, Torrance, CA) into Photoshop 2.5.1 (Adobe Systems Inc., Mountain View,
CA) on a Macintosh Quadra 950 (Apple Computer Co., Cupertino, CA). Images were then
analyzed in IPLab (Signal Analytics Corp., Vienna, VA) and used blots of partially purified NCA
and CEA proteins as internal standards.
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Statistics
Results are presented as the mean ± SEM. Comparisons among means were performed
by one-way analysis of variance using StatView n (Abacus Concepts, Berkeley, CA) on an Apple
Macintosh computer. (Cupertino, CA). Level of significance was 5 percent or less.
RESULTS
Growth of MIP-101 Cells In Vitro
MIP-101 cell cultures were initiated at 3 x 10^ cells/mL either as monolayer cultures in T-
25 flasks or on microcarrier beads at 15 cells^ead in either static (in 35 mm Petri dishes) or
dynamic (low shear stress STLV cultures) three-dimensional cultures. Cells grew well in all 3
conditions with the monolayer cultures plateauing at day 8 (Figure 1). The Petri and RWV
cultures continued to proliferate the full 14 days. Doubling times during the first 8 days averaged
45.8, 56.1, and 52.3 hours for the Petri, RWV, and T-25 cultures, respectively. Viability was 95%
or greater at each time point by trypan blue dye exclusion. Although monolayer cultures remained
predominantly as monolayers at least through 8 days(Figure 2A), both the static (Figure 2B) and
dynamic (Figure 2C) cultures produced multilayer cell cultures indicating three-dimensional
growth. After 8 days the monolayer cultures began to pile up and were no longer strictly
monolayers. Thus, all three conditions led to growth of viable MIP-101 cells, although the
monolayer culture entered a plateau phase by 8 days that was not apparent in either the static or
dynamic three-dimensional culture system.
Detection of CEA in the Cytoplasm of Three-Dimensional MIP-101 Cultures
Monolayer and three-dimensional cultures of MIP-101 cells were harvested and analyzed
for expression of CEA-related proteins by immunohistochemistry. Monolayer cultures in the
exponential phase did not react with the anti-CEA monoclonal antibody (Figure 3). While trace
- o
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expression of CEA-related proteins was evident by Day 4 in the STLV cultures, the expression
increased in 8 and 14 day cultures (Figure 4A-C). Cultures in the Petri dishes were similar,
although slightly less intense at each time point (Figure 4D-F). Expression was localized in the
cytoplasm and was not present in plasma membranes of MIP-101 cells (Figure 4C and F).
Identification of CEA and NCA Proteins in MIP-101 Cultures
Since the imrnunohistochemical analysis may. identify either 180 kDa CEA or 50 or 90
kDa NCA, we sought to determine which CEA-related proteins are expressed in MIP-101 cells
grown under the different conditions. Western blots of extracts of MIP-101 cells were probed
with monoclonal antibodies directed to NCA or CEA. Extracts of MIP-101 cells growing
exponentially in monolayer culture displayed small amounts of CEA and both 50 and 90 kDa
NCA proteins (Figure 5 A and B). However, extracts of either the Petri or STLV three-
dimensional cultures grown for 12 days expressed increased amounts of both 180 kDa CEA and
the 50 kDa NCA proteins (Figure 5 A and B). When densitometry was performed and the
amounts of proteins compared to standards of partially purified CEA or NCA (data not shown),
the amount of 180 kDa CEA was increased 8.2-fold in the Petri culture and 4.2 - 7.4 in the STLV
cultures. It is not clear why one of the STLV cultures did not produce CEA, although it clearly
. contained NCA (Figure 5 A and B). Although the amount of 90 kDa NCA was not increased
significantly in the three-dimensional cultures (ratios of STLV:Monolayer culture extracts of 90
kDa NCA were only 0.9 - 2.4, while the Petri dish ratio was 1.2), the amount of 50 kDa NCA was
significantly increased in the three-dimensional cultures (9.4-fold in the Petri dish culture and 3.8 -
10.0-fold in the STLV cultures compared to the amount in the monolayer cell cultures). This
demonstrates that MIP-101 cells grown in a three-dimensional culture system produce increased
amounts of mature CEA and NCA proteins with a relatively greater increase in the amount of 50
kDa NCA.
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DISCUSSION
a CEA functions in vitro as an intercellular adhesion molecule since it causes homotypic cell
3
 aggregation when transfected into cells that do not aggregate otherwise (15,16). Human colorectal
carcinoma cells (17,18) and normal colon epithelial cells (19) also adhere to CEA attached to a
solid phase through homophilic bonds. However, a role for CEA as an adhesion molecule in vivo
has been difficult to define. CEA stimulates experimental and, possibly, clinical metastasis by a
mechanism that does not involve cell adhesion because systemic pretreatment increases hepatic
sequestration of weakly metastatic non-CEA expressing lines . Thus, CEA increases metastatic
potential by some humoral effect that enhances sequestration of tumor cells hi the liver.
We now report that three-dimensional growth stimulates expression of CEA-related
proteins hi MIP-101 cells. Previous reports have shown that expression of CEA is increased by
differentiation agents and cytokines (20). Interferpns may activate the CEA promoter. (21). As a
result, the CEA promoter may respond to the transcriptional factors that are activated by three-
dimensional growth as well as cytokines.
The expression of CEA-related proteins in MIP-101 in three-dimensional culture is
relatively weak and confined to the cytoplasm. CEA and NCA are bound to the plasma
membrane through a glycosylphosphatidylinositol (GPI)-linkage (22). Release of CEA from cells
may occur by cleavage of the GPI-linkage by an endogenous phosphatidylinositol-specific
phospholipase (23). Since MIP-101 cells do not appear to localize CEA-related proteins to the
plasma membrane, they may lack the ability to form the appropriate GPI-linkage. This may also
explain why little CEA is released into the medium in cultures with high viability and low shear
stress, since CEA may not be released if it is not attached to the cell surface. An earlier report
suggested that CEA was released by MIP-101 cells into the medium (24), but this may have
reflected cell lysis hi initial experiments hi the RWV with higher shear stress. The elevated blood
_o
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levels of nude mice bearing intraperitoneal MIP-101 may reflect the lysis of tumor cells as tumor
growth outstrips blood supply (7) rather than secretion of CEA from viable cells.
Production of CEA-related proteins appears to be greater in the RWV than in the static
nonstick Petri dish culture. The RWV may provide better nutrient mixing than the static culture
since the rotation provides some mixture of microcarrier bead aggregates through the medium
whereas the static system depends on simple diffusion for nutrient transfer. Further work is
necessary to determine whether other metabolic effects are altering gene expression since RWV
cultures have similar glucose and oxygen consumptions as monolayer cultures do but produce
more hydrogen ion and carbon dioxide on a per cell basis (data not shown). This observation may
suggest that anaerobic metabolism is increased in the RWV and that this is associated with the
expression of CEA by MIP-101 cells.
Our present data suggest that the greatest increase in expression of CEA-related proteins
occurs hi the expression of 50 kDa NCA, followed by smaller increases in the expression of 180
kDa CEA without much change in the expression of 90 kDa NCA. The relatively greater increase
in NCA expression is consistent with the relative increases that occur in NCA and CEA
expression by human bowel epithelium during neoplastic progression. As normal colon
epithelium becomes malignant, the relative expression of NCA also increases more than the
increase in CEA expression (25). Since both 50 and 90 kDa NCA have the same peptide but
different degrees of glycosylation, the present results suggest that production of the peptide may be
increased but that post-translational modification by increased glycosylation does not follow hi
parallel.
In summary, CEA is associated with the development of metastasis by human colorectal
carcinoma. To the best of our knowledge, this is the first observation that three-dimensional
culture induces expression of CEA. Whether CEA or NCA expression is merely associated with
10
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or causes metastasis remains to be elucidated and was not evaluated in these experiments.
Nonetheless, CEA expression is a marker of metastatic potential in MIP-101 cells . Future studies
>
5 will seek to elucidate the mechanism by which three-dimensional growth induces expression of
U)
3
 CEA-related proteins. In addition, these experiments support the use of three-dimensional culture
techniques to investigate host-tumor interactions. Clearly, ormotopic implantation into the
peritoneum of nude mice permits CEA expression, but may not actively stimulate it. Conversely,
the subcutaneous tissue of nude mice must actively inhibit CEA expression that would otherwise
occur in a three-dimensional nodule. Similar differences in the metastatic behavior of human
colon carcinomas have been noted by Fidler and colleagues (26 - 28) who suggest that the
environment that is similar anatomically to the original site in which the cancer arose or
metastasizes (the orthotopic site) induces production of proteases and other molecules that facilitate
metastasis whereas the subcutaneous tissue inhibits the expression of these molecules and inhibits
metastasis. Thus, three-dimensional growth may regulate gene expression that is not evident in
monolayer cultures and that is further modulated in the host microenvironmaent.
11
Jessup, J.M.
REFERENCES
a 1.) Oikawa S, Imajo S, Noguchi T, Kosaki G, and Nakazato H. The carcinoembryonic
3
 antigen ,(CEA) contains multiple immunoglobulin-like domains. Biochem. Biophys. Res.
Commun. 144:634-642, 1987.
2.) Wanebo HJ, Rao B, Pinsky CM, et al: Preoperative carcinoembryonic antigen level as a
prognostic indicator in colorectal cancer. N Engl J Med 299:448-451, 1978.
3.) Goslin R, Steele G Jr, Maclntyre J, et al: The use of preoperative plasma CEA levels for
the stratification of patients after curative resection of colorectal cancers. Ann Surg
192:747-751, 1980.
4.) Giavazzi R, Campbell DE, Jessup, JM, deary K, and Fidler IJ. Metastatic behavior of
tumor cells isolated from primary and metastatic human colorectal carcinomas implanted
into different sites in nude mice. Cancer Res. 46,1928-1933,1986.
5.) Jessup JM, Giavazzi R, Campbell D, Cleary KR, Morikawa K, Hostetter R, Atkinson EN,
Fidler IJ. Metastatic potential of human colorectal carcinomas implanted into nude mice:
prediction of clinical outcome in patients operated upon, for cure. Cancer Res. 49:6906-10,
1989.
6.) Tibbetts LM, Doremus CM, Tzanakakis GN, and Vezeridis MP. Liver metastases with
10 human colon carcinoma cell lines in nude mice and association with carcinoembryonic
antigen production. Cancer 71:315-321, 1993.
7.) Jessup J.M., Petrick A.T., Toth C.A., Ford R., Meterissian S., O'Hara C.J., Steele G. Jr.,
and Thomas P. Carcinoembryonic antigen: Enhancement of liver colonisation through
retention of human colorectal carcinoma cells. Brit. J. Cancer 67,464-470,1993.
8.) Wagner FIE, Thomas P, Wolf BC, etal. Characterization of the tumorigenic and metastatic
•potential of a poorly differentiated human colon cancer cell line Invasion Metastasis
10:253-266, 1990.
12
Jessup, J.M.
9.) NilesRM, Wilhelm S A, Steele GD, et al. Isolation and characterization of an
undifferentiated human colon cancer cell line (MJP-101). Cancer Invest. 5:545-552,1987.
o 10.) Paget, S. The distribution of secondary growths in cancer of the breast. Lancet i:571-573,
3
 1889.
11.) Rak JW, Kerbel RS. Growth advantage ("clonal dominance") of metastatically competent
tumor cell variants expressed under selective two- or three-dimensional tissue culture
conditions. In Vitro Cell Devel. Biol. 29A:742-8,1993.
12.) Graham CH, Kobayashi H, Stankiewicz KS, et al. Rapid acquisition of multicellular drug
resistance after a single exposure of mammary tumor cells to antitumor alkylating agents.
J. Nat. Cancer Inst. 86:975-82,1994.
13.) Goodwin TJ, Jessup JM, and Wolf DA. Morphological differentiation of human
colorectal carcinoma in rotating wall vessels. In Vitro Cell Biol Develop. 28A:47-60,
1992.
14.) Goodwin TJ, SchroederWF, Wolf DA, MoyerMP. Rotating-wall vessel coculture of
small intestine as a prelude to tissue modeling: aspects of simulated microgravity. Proc.
Soc. Exp. Biol. Med. 202:181-92.1993.
15.) Benchimol S, Fuks A, Jothy S, et al. Carcinoembryonic antigen, a human tumor marker,
functions as an intercellular adhesion molecule. Cell, 57,327-334,1989.
16.) Oikawa S, Inezuka C, Kwoki M, et al. Cell adhesion activity of non-specific cross-reacting
antigen (NCA) and carcinoembryonic antigen (CEA) expressed on CHO cell surface,
homophilic and heterophilic adhesion. Biochem. Biophys. Res. Comm., 164, 39-48,
1989.
17.) Jessup JM, Kim JC, Thomas P, et al. Adhesion to Carcinoembryonic Antigen by Human
Colorectal Carcinoma Cells Involves at Least Two Epitopes. Int. J. Cancer 55:262-268,
1993.
13
Jessup, J.M.
18.) Levin L.V. and Griffin T.W. Specific adhesion of carcinoembryonic antigen-bearing
colorectal cancer cells to immobilized carcinoembryonic antigen. Cancer Letters, 60,143-
"I 152, 1991.
in
3
 19.) Ishii S, Ford R, Thomas P, et al. CD44 participates in the adhesion of human colorectal
carcinoma cells to laminin and type IV collagen SurgOncol 2:255-264,1993.
20.) Niles RM, Wilhelm SA, Thomas P, and Zamcheck N. The effect of sodium butyrate and
retinoic acid on growth and CEA production in a series of human colorectal tumor cell
lines representing different states of differentiation. Cancer Invest. 6:39-45,1988.
21.) Takahashi H, Okai Y, Paxton RJ, Hefta L J, Shively JE. Differential regulation of
carcinoembryonic antigen and biliary glycoprotein by gamma-interferon. Cancer Res.
53:1612-9, 1993.
22.) Sack T., Gum J., Low M. and Kim Y. Release of carcinoembryonic antigen from human
colon cancer cells by phosphoinositol-specific phospholipase C. J. Clin. Invest.,
82:586-593.1988.
23.) Hefta S., Hefta L., Lee T., Paxton R., and Shively J. Carcinoembryonic antigen is
anchored to membranes by covalent attachement to a glycosylphosphatidylinositol moiety:
Identification of the ethanolamine linkage site. Proc. Natl. Acad. Sci.USA, 85:4648-4652,
1988.
24.) Jessup JM, Goodwin TJ, and Spaulding G. Prospects for use. of microgravity-based
bioreactors to study three-dimensional host-tumor interactions in human neoplasia. J. Cell.
Biochem. 51:290-300, 1993.
25.) Chi K.F., Jessup J.M., Frazier M.L. Predominant expression of mRNA coding for
nonspecific cross-reacting antigen in colorectal carcinomas. Tumour Biol. 12:298-308,
1991.
26.) Morikawa K, Walker SM, Nakajima M, et al. Influence of organ environment on the
growth, selection, and metastasis of human colon carcinoma cells in nude mice. Cancer
Res. 48:6863-71, 1988.
14
Jessup, J.M.
27.) Fidler IJ. Orthotopic implantation of human colon carcinomas into nude mice provides a
valuable model for the biology and therapy of metastasis. Cancer Met. Rev. 10:229-43,
I 1991.
28.) Wilmanns C, Fan D, O'Brian CA, Bucana CD, Fidler IJ. Orthotopic and ectopic organ
environments differentially influence the sensitivity of murine colon carcinoma cells to
doxorubicin and 5-fluorouracil. Int. J. Cancer. 52:98-104,1992.
15
Jessup, J.M.
FIGURE LEGENDS
5 Figure 1. Growth curves of MIP-101 cells under different conditions. 3x10^ cells/mL were
V)
3
 incubated in monolayers in T-25 flasks. (B , T-25) or on Cytodex 3 microcarrier
beads in either non-stick Petri dishes (• , Petri) or in the NASA-designed RWV
(A ). Results are presented as mean +SEM from 4 separate RWV experiments
and 2 separate experiments each for T-25 and Petri dish cultures.
1
 -%
Figure 2. Pattern of growth under different conditions. MIP-101 cells were cultured as
monolayers in T-25 flasks (A), in static three-dimensional cultures on microcarrier
beads in non-stick Petri dishes (B), or in dynamic three-dimensional cultures in the
RWV (C). MTP-101 cells form multi-layer structures on microcarrier beads in
both Petri and RWV cultures. A and B are at 40X whereas C is at 1 OX. Arrow in
B denotes the edge of the microcarrier bead.
Figure 3. Immunohistochemistry of MIP-101 cells growing as monolayers. MIP-101 cells
were^cultured for 6 days in T-25 flasks and then incubated without primary anti-
CEA antibody (A) or. with an anti-CEA monoclonal antibody (B). After
completion of staining as described in "Materials and Methods", CEA was not
detected in MIP-101 cells. 60X.
Figure 4. Detection of CEA in three-dimensional CEA cultures. MIP-101 cells were grown
on microcarrier beads in either the RWV (A-C) or in static microcarrier cultures in
non-stick Petri dishes (D-F). On days 4 (A,D), 8(B,E) or 14(C,F) cultures were
harvested, fixed and processed for CEA immunohistochemistry. CEA expression
was not evident at 4 days in either RWV (A) or Petri (D) cultures. However, CEA
expression was evident at day 8 (arrows, B and E) and increased at day 14 in the
16
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Petri culture (F) but even more in the RWV culture (C). CEA is localized in the
cytoplasm and does not mark intercellular boundaries as would be expected if it
were present in the cell membrane. 60X.
Figure 5. Western blots of CEA (A. Upper Panel) and NCA (B. Lower Panel) expression in
MIP-101 cells cultured under different conditions. MIP-101 cells were grown
either in monolayer cultures (M), on microcarrier beads in non-adherent Petri
dishes (P), or in the RWV (A - D). 107 cells were extracted and analyzed for the
content of 180 kDa CEA (A. Upper Panel) or 50 and 90 kDa NCA (B. Lower
Panel). The results indicate that the expression of both CEA and NCA proteins is
increased in three-dimensional cultures of MIP-101.
17
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